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Introduction
Health and income are positively correlated (see, e.g., Bloom and Canning, 2000; Rogot et al., 1992) . Income might affect health and health might influence income in many different ways. Wealthier individuals can afford more and better health care, are able to spend more money on health prevention, can also afford to pay more on living in better and healthier environments, and may be more sensitive to unhealthy working conditions. "The differential use of health knowledge and technology" (Cutler et al., 2006, p. 115 ) may also explain important parts of the relation between social status (including income) and health. There are also paths through which income may have a negative effect on health. Usually, the effect of earning more comes with increased working hours, increased accidental risks, and/or increased stress at work. This influence of income on health can be described using a health production framework (Grossman, 1972) .
On the other hand, health may influence labor supply, effort, and thus, income. Smith (1998 Smith ( , 1999 and Wu (2003) analyze the causal effect of health on income using unanticipated health shocks.
Scholars prefer randomized experiments to analyze the causal effect of income on health. However, in most cases, the experiments are economically and/or ethically not feasible 1 . In the cases where the effect of income on health is of primary interest, it may seem paradoxical to pay the participants of a study to accept less income, and it may seem offensive to take away money from randomly drawn citizens. We rely on the exploitation of natural experiments based on the evaluation of the policies affecting income to analyze the causal effect of income on health.
1 Thomas et al. (2006) is one of the recent exceptions.
The empirical literature shows a positive but not always significant causal effect of income on health. Benzeval et al. (2000) , Case (2001) , and Frijters et al. (2005) find a small causal effect of income on self-reported health. Cawley et al. (2010) analyze the effect of reduced social security payments on the retirees' weight and BMI in the US and do not find any evidence for the causal effects of income on the weight or BMI of elderly Americans. Adams et al. (2003) analyze the causal effect of income for elderly persons in the US. They do not find any "associations of health conditions and changes in total wealth" (p. 51) for persons aged 70
and above. Lindahl (2005) does not find any significant effect of lottery prizes on mortality in Sweden.
In their meta study, Cutler et al. (2006) conclude with regard to the determinants of mortality within countries that it "seems clear that much of the link between income and health is a result of the latter causing the former, rather than the received up to 25 % more gross pension than thereafter. Four months after the regime change, the replacement rate was raised to its previous high level again.
Using the data from Austrian social security records, I exploit these two changes to study the causal effect of income on health for elderly persons.
To measure health, I use the mortality rates over a period of seven years, which is the ultimate indicator of bad health for these elderly persons. Second, for a small proportion of the individuals, the data from the public health insurance is available. Therefore, I can use the health expenditure on drugs or medical aid, visits to general or special practitioners, and hospital visits.
The Austrian social security records contain detailed information not only on the employment histories but also on the health histories of all Austrian private sector employees. I compare the cohorts aged 57 to 59 in the period January to September 2000 for the first regime change and cohorts aged 57 to 60 in the period June to December 2000 for the second regime change. All cohorts compared are exposed to the same health "risks" (epidemics, etc.) all the time.
The seven year mortality values for these persons are not statistically different.
I see that only the expenditure on drugs increases significantly, but all other expenses and measures (visits to a doctor or a hospital, expenditure on medical aids, etc.) are unaffected.
Institutional Background

Austrian Pension System
Between the 1970s and the 1990s, Austria had a generous pension system that contained various provisions for early retirement (see Hofer and Koman, 2006 In 1993, the Austrian government introduced multiple new provisions for early retirement. One of these was the "Early Retirement due to Reduced Working Capacity" (ERRWC). This provision was introduced for older workers with reduced working capacity as another form of retirement (along with the invalidity pension). The main difference between the two schemes is a higher replacement 2 I concentrate on men because the reforms were not effective for women.
3 A detailed description of the calculation of pension benefits in the Austrian pension system can be found in Manoli et al. (2009). rate for the workers retiring under the ERRWC (details later). The introduction was announced months before, and hence, individuals could have adapted easily by postponing their retirement decision. Thus, the introduction of the ERRWC does not qualify for a natural experiment.
In May 2000, the European Court of Justice ruled that the ERRWC violated European Law, because the difference in the retirement age for men and women discriminated against men. The decision blindsided the government and the public in Austria. The ERRWC was abolished immediately. Before the abolition, retirees received a higher pension. After the abolition employees with reduced working capacity could only apply for the IP. Using this natural experiment, I
can study the effect of income on health.
Under all regimes and for both types, the ERRWC and the IP, an individual, who wanted to retire, had to be declared as being disabled using the same medical checkup at the Austrian pension insurance agency. The same physicians evaluated these pension applicants in the same rooms, using exactly the same procedures and medical tests. The applicants were randomly assigned to the physicians.
4
While both types focused on reduced working capacity, the ERRWC additionally required a larger job history for eligibility (working six years in the last 15 years).
For the empirical comparisons between ERRWC and IP below, I only consider the individuals fulfilling this criterion of eligibility.
The exact differences in the replacement rates (i.e., in the resulting pension benefits) of the two regimes can be seen in Figure 1a . The graph shows the exact replacement rate for a male employee aged 57 to 59 with a varying number of contribution years on the x-axis. If this employee contributed for up to 36 years to the public pension insurance, he would have received the same pension benefits in both regimes. Any further increase in the number of contribution years widens the gap in the replacement rate.
Immediately after the abolition of the ERRWC, the government discussed the situation of pension applicants with reduced working capacity and consequently, removed the replacement rate cap of 60% on the IP and slightly revised the calculation of the replacement rate. The resulting replacement rate differences between the two IP regimes can be found in Figure 1b . As compared to the previous case, both regimes are identical except for the replacement rate; there is no need to control for the number of years insured in the last 15 years. Due to the changes in the general inflow of retirees, one could presume that the older retirees could have been different. As such, I restrict the sample to those individuals who were exactly 57 years old in all regimes (Figure 2b ). There is no significant change either because the regime with lower retirement income lasted only for four months or because the inflow of retirees did not differ between younger and older retirees. Table 1 shows all male retirees by month of entry and pension type. I study the effect of the abolition of the ERRWC in the end of May 2000 by constructing a first sample. This sample contains the ERRWC retirees from January to June 2000 (regime 1) and the IP retirees from June to September 2000 (regime 2). These correspond to the rows labeled "ERRWC" and "IP" in Table 1 , respectively.
The removal of the replacement rate cap four months later will be analyzed using all IP retirees (i.e., with no restriction on the contribution years) from July to December 2000 (regimes 2 and 3); this corresponds to the row"IP ALL"in Table 1 .
Here, the retirees from October onwards (regime 3) receive a higher replacement rate for the same number of contribution years.
Health can be measured in various ways. Many authors use self-reported health indicators (Contoyannis et al., 2004; Frijters et al., 2005) , while others measure health on the basis of objective variables such as BMI, weight (Cawley et al., 2010 ) -and mortality (see especially Cutler et al., 2006) . In this paper, I use the 7-year mortality risk as the main health outcome. In 2000, the 7-year mortality risk was 8.3% for 57 years old men and 9.9% for 59 years old men (see Statistik Austria (2011 Austria ( ), mortality table 2000 . In the samples, the mean mortality was 7.5% for the ERRWC retirees and 8% for the IP retirees, which is slightly lower than the mortality risk for the whole male population aged 57 to 59. Measuring health by mortality is a rather conservative approach because mortality will react only if health is strongly affected by the treatment. Therefore, I
construct a second set of health measures through which the treatment may affect health. Using the data of the public health insurance records of Upper Austria, I calculate variables such as the number of visits to a general practitioner or specialist, health expenditure on prescribed medical drugs or medical aids, and the number of days in a hospital. These variables may be more sensitive to the treatments but may also bear more variation due to other factors that might be correlated with the treatment.
Empirical Strategy 4.1 Abolition of the ERRWC
The pension regulations themselves match only the people with the minimum level of reduced working capacity in all three regimes. Nevertheless, this procedure establishes only some degree of randomization. After May 2000, the first reform, the individuals are still able to self-select into treatment by choosing not to retire at all. Table 8 in the Appendix shows the descriptive statistics of the two groups before and after the first reform (column "First Sample"). The differences in the recent and 15-year employment history are not significant but seem to be relevant. The IP pensioners are slightly less healthy, more often unemployed, and therefore, less often at work. Looking at the individual characteristics, education is different for the two groups, and so is citizenship to a small extent.
Due to the differences in the replacement schemes on the one hand and the differences before and after the first reform (see also Figure 2a ) on the other hand, I need to use matching strategies to overcome the possible selection effects.
Other methods like regression discontinuity and difference-in-difference (DiD) are not applicable for this first reform because there also exist differences in several variables other than the treatment at the threshold, and because of the sample selection itself. The propensity score matching (PSM) model considers detailed individual employment and employment history characteristics as well as some measures of health and wealth. 7 All these variables are predetermined at the time of retire-7 I match on the income before retirement, sum of contribution base over the whole employment history, employment status right before retirement (unemployed, sick leave, or working), type of last employment before retirement (blue collar or white collar), classification of the economic activity of the last employer, location of the last workplace inside Austria, education (three categories), last income from employment, total net income (not top-coded) for the last five years (i.e., a measure for possible wealth accumulated), age at time of retirement (three age categories), and citizenship (Austrian, unknown, or foreign). For the last year before retirement ment. Using a logit estimation for the propensity score, the balancing property is fulfilled, with the region of common support being in the interval [0.007, 0.968] and substantially large (see also Figure 3 ). Only 0.6 percent of the treated and about 3 percent of the controls are off support. Finally, I use various matching methods (nearest neighbor, local linear regression matching, stratification matching, kernel matching, and a control function approach) to evaluate the causal effect of the reform on the 7-year mortality rate of the sampled retirees.
Removal of the Replacement Rate Cap
On October 1, 2000, the second reform, the removal of the replacement rate cap of 60% for IP, was initiated. This did not change the number of applicants by as much as the abolition of the ERRWC did. The details can be seen above in Figure 2a and Table 1 . The regimes 2 and 3 do not differ in any aspect other than the replacement rate cap. This allows the application of a simple DiD approach to analyze the effect of an increase in income on health. Figure 1b shows that the individuals with contribution years between 33.5 and 37.5 had a similar replacement rate. In contrast, the change in income is at least 15.8% for the individuals with more than 40 contribution years. Table 2 shows the resulting sample and group sizes. and the preceding 14 years, I match on days worked (also nonlinear, with dummies for years), days unemployed, and days of sick leave. The procedure also includes several interactions of these variables.
Using this control group leads to a very small number of observations (123 pretreatment and 90 with treatment) for the control group, because only men aged 57 and above are considered, and most of them had already contributed at least 40 years. Therefore, a second DiD is made using a different control group consisting of the normal early retirees aged 60. These individuals are also very similar to the treatment group aged 57 to 59 but go for the normal early retirement scheme, which is not affected by these reforms. Table 3 shows the resulting sample and group sizes. Various exogenous factors are included in the DiD models; such variables are predetermined at the time of retirement. I include dummies for 12 different classes of economic activity of the main employer before retirement as these should cover some differences in the risk for work accidents, at least to some extent, typical occupational diseases. Furthermore, I control for the wages and the number of contribution months, i.e., the number of months insured in a public pension insurance. This also controls for some preference to go for retirement due to long employment life and/or possibly high replacement rate. To control for the differences in health before retirement, I use the number of sick days in the last year before retirement and in the preceding 14 years. The days working and days unemployed, each measured in the last year before retirement and in the preceding 14 years, control for the different risks of unemployment, and therefore, a possibly higher chance of early retirement. Finally, the employment status right before retirement segregated into the categories unemployed, sick, blue collar, and white collar should also account for the different health risks.
Figures 4 and 5 show the share of survivors after 7 years in retirement for the treatment and the control group before and after treatment. Considering the second control group before and during the treatment, both shares mostly follow a parallel path. Looking at the first control group, I get that the common trend seems to be violated after the treatment, but this is mostly due to the small number of observations in the control group, which increases the standard error.
In a standard two-period DiD, the key assumption demands common trends of the control and the treatment groups before and after the treatment. Figure 5 suggests that this key assumption is fulfilled for the second control group, and if we sum up the figures for November and December, also for the first control group in Figure 4 . Table 4 contains the exact group sizes for this DiD approach. The data allows me to compare eight quarters before retirement and 24 quarters thereafter. The health expenditure preceding retirement should not differ between the treatment and the control groups in order to test the validity of the chosen models with respect to selection in health. The differences after retirement can show the differences in health not measured by mortality risk. Tables 5 and 6 show the results of the PSM and the DiD procedures. Using several methods and variations, I do obtain results, but these are numerically small (as compared to the mean survival rate). Moreover none of the results is statistically significant.
Results
Mortality and Survival Rates
These small and insignificant results of even such a huge decrease in income are in line with the literature on the effects of income on the health of elderly persons in the US (see Adams et al. (2003) , Cawley et al. (2010), and Cutler et al. (2006) ).
The average treatment effects on the treated (ATT) of the first sample do not vary much when using different matching methods (see Table 5 ). The results are not sensitive to a restriction of the sample to the observations on the common support.
Moreover, the effects do not change much when using different bandwidths and calipers for the neighborhood or kernel matching. The DiD and standard errors are reported in percentage points. The DiD values are calculated with the treatment group being the IP retirees with more than 40 contribution years in the public pension system.
a) The DiD values for the probit models are the marginal effects for the interactions in nonlinear models. Additional control variables: monthly dummies, NACE codes (12), sum of assessment bases, contribution months, sick days (1 year), sick days (15 years), days working (1 year), days working (15 years), days unemployed (1 year), days unemployed (15 years), and employment status right before retirement (unemployed, sick, or blue collar).
The average treatment effects (ATE), though, are somewhat sensitive to the different methods used. They are not significant and generally show effects around 0.5 to 1.7 percentage points.
The results using the DiD method, though again insignificant, are only slightly higher than the ATT estimates of the PSM method. This result suggests that the real treatment effect is rather low and may even be not different from zero. The DiD estimates are not sensitive to the inclusion of interactions and quadratics in sickness information nor to the inclusion of monthly dummies (i.e., a nonlinear time trend). Neither the point estimate nor the standard errors are affected.
Health Expenditure
With regard to the health expenditure, my samples cover quite few individuals.
First, I use the data on the health expenditure eight months preceding retirement to verify the model with respect to the selection into treatment. Second, the effect of the increase in income on those outcomes is analyzed. I use the expenditure on drugs, expenditure on and number of medical aids, number of visits to a general practitioner (GP), number of visits to a specialist, and the number of days spent in a hospital.
The patients have to pay deductibles on drugs, medical aids, and days spent in a hospital, while for the rest, all expenses are covered by the insurance. The deductibles on drugs are rather low as compared to those on medical aids and days spent in a hospital (per day fee). As for the days spent in a hospital, a patient can leave a hospital earlier if he or she wants to, and some of the patients may have done this to save money, which might lead to a negative effect on this outcome due to the reduction in income.
Figures 6 and 7 show the effects of the decrease in income on the health expenditure outcomes. The graphs show the difference in the health expenditure outcomes (using the PSM or the DiD model) on the y-axis and the quarter before and after retirement on the x-axis. Using the quarterly results, I get that there are no significant differences before treatment, suggesting that the selection into treatment by health status can be ruled out using this data.
The graphs suggest some positive (but insignificant) increase in the drugs prescribed and in the number of visits to a specialist on the one hand, and a very slight decrease (again insignificant) in the number of days spent in a hospital after retirement.
Finally, Table 7 shows the results of the PSM (using local linear regression matching) and DiD models for the aggregated pre and post retirement outcomes. All the pre-retirement outcomes are not significant, which again suggests that the selection into treatment by health status can be ruled out.
In the DiD model, I find a significant increase in the expenditure on medicines/drugs for the retirees under a lower replacement rate. This may be due to the relatively lower health due to the lower income. The medication may prevent the ultimate health outcome, mortality, from having an effect on the treatment.
Moreover, the following effects are worth mentioning: the number of medical aids and the number of hospital days decreased after retiring under a lower replacement rate. Though, these effects are not significant, they can be considered reasonable as the patient would have to cover the relatively higher deductibles for such services. Since the retirees already have to bear their lower pension, they will try to avoid additional expenses such as deductibles. The effects and standard errors for monetary factors are given in Euros. The standard errors for the effects on the number of visits are calculated using bootstrapping. The treatment group is the IP retirees with more than 40 contribution years in the public pension system.
Before retirement includes eight quarters before retirement and After retirement includes 24 quarters thereafter. Additional control variables in the DiD method: monthly dummies, NACE codes (12), total sum of wages, contribution months, sick days (1 year), sick days (15 years), days working (1 year), days working (15 years), days unemployed (1 year), days unemployed (15 years), and employment status right before retirement (unemployed, sick, or blue collar).
Conclusion
The analysis shows that income has no causal effect on the mortality rates of old aged persons in Austria. Two different natural experiments of closely related policy reforms are analyzed using a PSM with various matching methods and a DiD model. The distance between the two cohorts being compared by the chosen methods is at most eight months. This implies that two close (if not the "same")
cohorts are compared during the same period of time. These cohorts are exposed to the same risks such as epidemics or pandemics. My results are in line with the results of the literature on the effects of income on health for old aged individuals in the US (Adams et al., 2003; Cawley et al., 2010; Cutler et al., 2006) .
Usually, the effect of earning more is no free lunch: it comes along with increased stress and/or increased working hours. This effect is ruled out by focusing only on pensioners. Using the detailed data from the Austrian social security records, both evaluations result in a low and insignificant effect on mortality compared to the large reduction in income. One reason for this result may be the very generous Austrian public health insurance system.
Focusing on other health-related outcomes, I can only access the data of one state, which covers fewer individuals. First, I use the data to verify the model with respect to the selection effects for the different types of pensions. The results for public health expenses and the number of visits to a doctor or a hospital before the retirement suggest that the identification strategy works and that the selection effects can be ruled out.
Second, the effect of decrease in income on other health-related outcomes after retirement is analyzed. Only the expenses on prescribed drugs increased significantly at a 10 percent level due to the loss in income. For the other health-related outcomes, such as the number of visits to a general practitioner, a specialist, and a hospital, and the expenditure on medical aids, no significant effects were found. 
